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CHTTOSAN INDUCED IMMUNOPOTENTIATION 

This application is a Continuation-in-part of U.S. Patent Application 
Serial No. 08/311,532 filed September 23, 1994, which is currently pending. 

FIELD OF THE INVENTION 
The present invention relates generally to methods for potentiating 
an immune response in an animal, compositions to effect the potentiation, and 
methods to produce the compositions. More specifically, the invention provides 
methods comprising the use of a protein/chitosan conjugate or a protein/chitosan 
suspension to potentiate an immune response, protein/chitosan conjugates or 
protein/chitosan suspensions to effect potentiation, and methods to prepare the 
protein/chitosan conjugate or protein/chitosan suspension. 

BACKGROUND OF THE INVENTION 
Recent biotechnological advances have facilitated identification of 
components in complex antigens which provide hope for successful development 
of safe and practical vaccines. Often, however, these isolated select components 
are not as immunogenic as the complete complex antigens from which they were 
derived. In order to enhance an immune response to the weakly antigenic 
immunogen in a recipient animal, adjuvants are frequently administered with the 
immunogen. Despite the universal acceptance of adjuvants, however, the number 
suitable for use in humans is limited. 

Ideally, an adjuvant should potentiate long-lasting expression of 
functionally active antibodies, elicit cell-mediated immunity (CMI), and enhance 
production of memory T- and B-lymphocytes with highly specific 
immunoreactivity against an invading antigen. In addition to providing a defense 
upon immediate challenge with an foreign antigen, these responses should provide 
protection against any future encounters of the host with a specific antigen. More 
important is the ability of an adjuvant to augment the immune response with a 
minimum of toxic side effects. Therefore, efficacy of an adjuvant is described in 
terms of how it balances positive (potentiated immunity) and negative (toxicity) 
influences. 
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ControUed immunization for the purpose of stimulating antibody 
Paction by B cells is dependent upon a myriad of fa«ors inherent 
antigen toe!, and the unmuaized anjmal. b genera,, the farther retnoved in 
evoiutionary ttra ,s the amigen, or its source, is f ro m the invaded ho*, me m„ re 
effective th, immune response elicited b, the amigen. Antigens derived torn 
dose,, relaed species an, less competent in eliciting antibody produaion due „, 
■he fact tha, the host immune system i s unabte to clearly distingue me toaiga 
antigen from endogenous, or se!f amigerts. In addition, the dosage of the antiget, 
•hepurityof theantigen, and the frequency with which theantigen isadministiaed 
are also factors which significant,, confute ,„ the renting ^ ti ,„ ^ 
specficty of the resulting anubodies. Still ^ factors ^ fc ^ or 
co m p,exi,y,„f theantigen, and how me arttigen is adminisBred. FtaaUy boththe 
genet, c makeup and overall physiological state of the immunized animal contribute 
.o the extent to which an immune response „ mourned, of these factors, the 
form or com pl exity of the antigen is dirKtty affected by immunization with an 
adjuvant. 

Current understanding suggests mat adjuvants act to augment the 
.mmune nsponse by a variety of differ*,, mechanisms. In one mechanism the 
adjuvant directly stimulates one of eimer CD4* helper T-cell subpopulations 
des.gnated T H 1 or T H 2 (Mosmann and Coffman, Ann.Key.,^,. 7 . 145 . 173 
(1989)]. Helper T ceUs are required for B^eU amibody responses ,„ mos, 
antigens. In an appropriate immune response, an antigen is captured and 
processed by an antigen-presenting cell (APQ, cilaihtag „, ^ 
macrophages, and presented on the surface of the APC in association with a class 
n major histccompatibihty (MHC, molecule. In tins form, the antigen can 
■ntoc, with tecepto* on the surface of helper T cells thereby activating the 
pantcuUr subpoputation of cells to exmess and secrete any of a number of 
cytokmes. TT,e nature of cystine promotion depends on the subset of helper T 
cells activated, a rcsul. that can be mediated in pan by the choice of adjuvant 
For example, alum, an aluminum sal, adjuvant approved for clinical use in 
humans, has been reported to se.ectively activ«e T H 2 cells in mice fG™ and 
Maurer, UU. lmmm> l. 121AM-HS (1989)], while Fnamd's ct^ptee adjuvant 
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(FCA), an emulsion of mineral oil with killed mycobacteria [Freund, et al., 
Proc.Soc.Exp.Biol.Med. 37:5V) (1937)], preferentially activates murine T H 1 cells 
[Gran and Maurer, Cell. Immunol. 72.7:134-145 (1989)]. 

Another mechanism by which the immune response is augmented 
5 involves the direct stimulation of B cells by, for example, lipopolysaccharide 
(LPS) from Gram-negative bacteria. [Gery, etal., J. Immunol. 708:1088 (1972)]. 
LPS has also been shown to stimulate secretion of interferon-y flNF-y) [Tomai 
and Johnson, J.Biol.Resp.Med. 8:625-643 (1989)], which both inhibits 
proliferation of T H 2 cells and stimulates differentiation of T H 1 cells [Gajewski, 
10 etal.,J.Immunol. 143:15-22 (1989); Gajewski, et al, J.Immunol. 746:1750-1758 
(1991)]. The mechanism by which LPS potentiates the immune response is 
therefore through direct stimulation of B cells, and indirect regulation of both T H 1 
and T H 2 cell populations. 

Still other modes of immunopotentiation have been reported for 
15 other adjuvants. Oil emulsions (i.e., Freund's complete adjuvant [FCA], 
Freund's incomplete adjuvant [HA]) and liposomes act through depot formation 
as does alum, thus allowing for slow release of antigen. Slow release of antigen 
permits extended exposure of the antigen to the immune system and also allows 
for initial immunization with a dosage of antigen that, if delivered at one time, 
10 would ordinarily be counterproductive to antibody formation. It has been 
previously reported that while a large initial dose of antigen results in the 
production of a higher immediate titer of antibody, the increase in antibody titer 
and increase in antibody specificity as a function of time is not as great as 
observed with lower and more frequent doses of antigen [Siskind, G., Pharm.Rev. 
5 25:319-324 (1973)]. Therefore, adjuvants which control presentation of an 
antigen to the immune system modulate antigen dosage in addition to altering the 
form, or complexity, of the antigen. 

To date, only one adjuvant, alum [AlK(SO 4 ) 2 H 2 0], has proven 
sufficiently non-toxic to permit its use in humans. Alum not only acts through 
0 T H 2 cell activation, depot formation and slow release of antigen following 
immunization [Edelman, Rev.Infect.Dis. 2:370-383 (1980); Warren, et al, 
Ann.Rev.Immunol. 4:369-388 (1986)], but also through granuloma formation by 
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attracting immunocompetent cells [White, et al., J.ExpMed. 702:73-82 (1955)] 
and activation of complement [Ramanathan, et al. , Immunol. 57:881-888 (1979)] 
However, alum is not without its negative side effects which include erythema 
subcutaneous nodules, contact hypersensitivity, and gnumlomatous inflammation' 
Other adjuvants, which are widely employed outside of human application are 
also the focus of continuing research to develop acceptable alternatives for use in 
humans. Included are the above mentioned oil emulsions (/.*., FCA and FIA) 
bacterial products { i.e. , LPS, cholera toxin, mycobacterial components and whole 
killed Corynebacterium parvum, Corynebacterium granulosa, and BordeteUa 
pertussis, liposomes, immunostimulating complexes (ISCOMs), and naturally 
occurring and derivatized polysaccharides from other than bacterial sources. 

The immunopotentiating capacity of polysaccharides has been a 
focus of investigation over the past few years as these compounds are widespread 
m natUre ' aS stmctural components in the cell walls of bacteria and 
exoskeletons of insects and Crustacea. Lipopoly^ccharide (LPS) isolated from 
certain Gram-negative bacteria is one such polysaccharide even though the 
adjuvant properties of LPS are derived mainly from the lipid A region of the 
molecule, and not from the .-specific polysaccharide or core oligosaccharide 
neguns of the molecule. LPS, which augments both humoral [Johnson et al 
J.Exp.Med. 103:225-246 (1956)] and cell-mediated immunity [Ohta et al. 
inununobiology 53X21 (1984)], possesses numerous biological activities but is 
unpractical for use in humans due to its inherent toxicity as reviewed by Gupta 
et al., Vaccine //:291-306 (1993). Attention has therefore shifted to other 
polysaccharides including, among others, chitosan. 

Chitosan ^-(l-4)-2-amino-2-deoxy-D-glucan] is a derivative of 
chitin and has been widely used in biomedical applications, due in pan to is 
biodegradability by lysozyme and low toxicity in humans. These same properties 
have resulted in increased interest in chitosan as an immunopotentiating agent 
For example, Matuhashi, et al., in U.S. Patent No. 4,372,883, disclosed 
conjugation of soluble polysaccharides, including chitosan, to normally toxic 
antrgens, conjugation thereby detoxifying the antigen and permitting its use as an 
unmunogen. Matuhashi et al, however, did not address the use of insoluble 
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forms of chitosan, nor did Matuhashi compare the resulting serum antibody titer 
with that obtained from immunization with other known adjuvants. 

likewise, Suzuki, et al, in U.S. Patent 4,971,956, disclosed the 
use of water soluble chitosan-oligomers as therapeutics for treatment of bacterial 
and fungal infections, as well as for the treatment of tumors. Suzuki, et al, 
discussed the difficulty in modifying chitosan to produce an appropriate water 
soluble form, disclosing that water-insoluble forms are impractical for therapeutic 
application. In addition, Suzuki et al. , does not disclose conjugation of an antigen 
to chitosan to effect enhanced immune response. 

Mitsuhashi, et al, in U.S. Patent 4,814,169, disclosed the use of 
human protein conjugated to soluble polysaccharides, including chitosan, to 
generate antibodies against human protein in non-human animals. Administration 
of the human protein/polysaccharide solution was by intravenous, intraperitoneal, 
or subcutaneous injection. Other routes, including oral and rectal administration, 
15 were not addressed in the disclosure. 

Nishimura, et al [Vaccine 2:93-99 (1984)] reported the 
immunological properties of derivatives of chitin in terms of activation of 
peritoneal macrophages in vivo, suppression of tumor growth in mice, and 
protection against bacterial infection. Results suggested that both chitin and 
chitosan were ineffective stimulators of host resistance against challenge with 
tumor cells or bacteria, but that chitosan moderately induced cytotoxic 
macrophages. Results with modified, de-acetylated chitosan, which forms a gel 
in an aqueous environment, was shown to more effectively activate macrophages, 
suppress tumor growth and stimulate resistance to bacterial infection. 

Marcinkiewicz, et al, [Arch.Immunol.Ther. Exp. 39: 127-132 
(1991)] examined the immunoadjuvant activity of water-insoluble chitosan and 
reported significant enhancement of T-dependent humoral response, but only 
moderate augmentation of T-independent humoral response. The enhanced 
humoral response was detected with chitosan at doses of 100 mg/kg administered 
30 either intravenously or intraperitoneaUy. Subcutaneous and oral administration 
were specifically reported as being ineffective. In addition, Marcinkiewicz, et 
al, does not suggest conjugation of an antigen to insoluble chitosan, stating that 
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chitosan "resulted in the same response irrespective of the site of administration - 
either together or separately from antigen." 

In light of the fact that only one existing adjuvant has been 
approved for use in humans, there thus exists a need in the art to provide novel 
and less toxic adjuvants for potential application in humans. Improved adjuvants 
will permit the production of more effective vaccines and will improve the 
production of monoclonal antibodies with therapeutic potential. 

SUMMARY OF Tffy, ^fYr^fTIQff 
In one aspect, the present invention provides a method for 
potentiating an immune response comprising the steps of conjugating an antigen 
to a chitosan adjuvant and administering the protein/chitosan conjugate to an 
animal. The immune response is characterized by a rapid class switch from IgM 
to IgG production. The present invention encompasses antigens including antigens 
in the form of proteins, carbohydrates, lipids, glycoproteins or combinations 
thereof. The chitosan adjuvant may be soluble or insoluble; the insoluble adjuvant 
being either gelatinous or particulate in form. Conjugation of the antigen may be 
effected through chemical crosslinking, ionic interaction, physical intercalation, 
hydrophobic interactions, hydrophilic interactions, or covalent modification. A 
preferred method for crosslinking an antigen to the adjuvant is via use of 
glutaraldehyde. When glutaraldehyde is used for crosslinking, the resulting 
antigen/chitosan immunogen may be either particulate or gelatinous, depending 
on the degree of crosslinking. The ratio of antigen to chitosan may range from 
1:100 to 100:1, but is preferable in the range of 1:4 to 1:10, all ratios being 
weight of antigen to wet weight of chitosan. An alternative preferred ratio is 
10:1. Antigen may be conjugated to the particulate chitosan adjuvant on the 
exterior surface of the particle, on an interior surface of the particle, or a 
combination of both interior and exterior conjugation. The antigen/chitosan 
conjugate may be administered to the animal orally, intra-nasaUy, intra-vaginally, 
intra-rectaUy, or via intraperitoneal, intravenous, or subcutaneous injection; 
administration may comprise a single route or a multiplicity of routes. The 
antigen/chitosan conjugate may be administered alone, or in combination with any 
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of a number of other adjuvants. Immunization may comprise a single 
administration or a multiplicity of administrations. 

In another aspect, the invention provides an adjuvant comprising, 
in combination, chitosan with a chelated metal ion. The metal ion may, for 
example be iron or a transition metal such as copper, nickel, or zinc. 

Also provided in an immunogen, the immunogen comprising 
chitosan with a chelated metal ion and an antigen. The antigen can include, but 
is not limited to proteins, carbohydrates, lipids, glycoproteins or combinations 
thereof. Protein antigens may be naturally occurring or recombinant. The 
antigen may be conjugated to the adjuvant by covalent bonding. Preferred 
covalent attachment is via crosslinking using glutaraldehyde. The resulting 
crosslinked immunogen may be particulate or gelatinous, depending on the degree 
of crosslinking. The antigen may also be combined with the adjuvant through 
ionic interaction. For example, when the antigen is a recombinant protein which 
comprises a poly-histidine (poly-HIS) amino acid sequence, the poly-fflS region 
can interact with the chelated metal ion. When the antigen is a protein, the poly- 
HIS amino acid sequence may be located at the carboxyl or amino terminus, or 
an internal region of the protein which does not significantly alter the naturally 
occurring tertiary or quartenary structure of the protein. 

Also provided is a method for producing an adjuvant comprising 
the steps of preparing a chitosan solution, chelating a metal ion to the chitosan to 
produce a metal/chitosan complex, and isolating the metal/chitosan complex. 
Comprehended arc methods which include a metal ion which may be, but is not 
limited to, iron or a transition metal such as copper, zinc, or nickel. 

The invention also provides a method for producing an immunogen 
comprising the steps of preparing a chitosan solution, chelating a metal ion to the 
chitosan to produce a metal/chitosan complex, and combining an antigen with the 
metal/chitosan complex. The metal ion in the immunogen can include, but is not 
limited to, iron or a transition metal such as copper, nickel, or zinc. The antigen 
may be, but is not limited to a protein, carbohydrate, lipid, glycoprotein or 
combination thereof. The protein antigen may be naturally occurring or 
recombinant. The antigen may be combined to the adjuvant by covalent bonding. 
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Preferred covalem attachment is effected by crosslinking. The preferred agent for 
crosslinking is glutaraldehyde. The resulting crosslinked unmunogen may be 
peculate or gelatinous, depending on the degree of crosslinking. Alternatively 
the antigen may be combined with the adjuvant via ionic interaction. Preferred 
•onic interaction i s effected via a recombinant protein antigen comprising a poly- 
fflS amino acid sequence which interacts with the chelated metal ion. The poly- 
HIS sequence on the protein antigen may be located at either the carboxyl or 
ammo terminus of the protein. Alternatively, the poly-HIS region may be located 
at an mternal region of the protein which does not significantly aJter the tertiary 
or quartenary stature of the naturally occurring protein. The resulting 
immunogen may be administered 

Also provided by the invention is a method for producing an 
unmunogen comprising the steps of preparing a chitosan solution, combining an 
antrgen with the chitosan to form an antigen/chitosan complex, and chelating a 
metal ,on to the antigen/chitosan complex. The metal in the immunogen may be 
but ,s not limited to, iron or a transition metal, such as copper, nickel, or zinc' 
In the preferred method, the antigen is covalently attached to the chitosan via 
crosslinking. Tne preferred agent to effect the crosslinking is glutaraldehyde 
The antigen may be, but is not limited to, a protein, carbohydrate, lipid 
glycoprotein or combination thereof. If the antigen is a protein, it may be either 
naturally occurring or recombinant. 

As another aspect, the invention provides a method for potentiating 
an unmune response comprising the steps of mixing an antigen with a chitosan 
unmunopotentiating agent and administering the suspension to an animal The 
immune response is characterized by a rapid class switch from IgM to IgG 
production. The ratio of antigen to chitosan may range from 1:100 to 1001 but 
.s preferable in the range of 10: 1 to 1: 10. The chitosan adjuvant may be soluble 
or msoluble; the insoluble adjuvant being particulate or gelatinous in form The 
anugen/chitosan suspension may be administered to the animal orally intra- 
nasally, ^-vaginally, intra-rectally, or via intraperitoneal, intravenous, or 
subcutaneous injection; administration may comprise a single route or a 
multiplicity of routes. The antigen/chitosan mixture may be administered alone 
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or in combination with other adjuvants. Immunization may comprise a single 
administration or multiple administrations. 

As another aspect, the invention provides a method for potentiating 
an immune response comprising the steps of forming an adjuvant comprising 
5 chitosan and a chelated metal ion to form a metal/chitosan complex, combining 
an antigen with the metal/chitosan complex to form an immunogen, and 
administering the immunogen to an animal. The metal ion component of the 
immunogen may be, but is not limited to, iron or a transitional metal such as 
copper, nickel, or zinc. The antigen component of the immunogen may be, but 
10 is not limited to a protein, carbohydrate, lipid, or combination thereof. The 
weight-weight ratio of antigen to chitosan may be 100:1 to 1:100. A preferred 
ratio is 10:1, as determined by weight of antigen to wet weight of metal/chitosan 
complex. The antigen may be covalently bonded to the metal/chitosan complex; 
the preferred method for covalent attachment is via crosslinking. A preferred 
crosslinking agent is glutaraldehyde and the resulting crosslinked immunogen may 
be particulate or gelatinous depending on the degree of crosslinking. 
Alternatively, the antigen my be attached to the adjuvant via ionic interaction. A 
preferred method for attachment with ionic interaction is through use of a 
recombinant protein antigen comprising a poly-HIS amino acid sequence, the 
poly -HIS sequence be capable of interacting with the chelated metal ion. The 
poly-HIS region of the protein may be carboxyl or amino terminal to the protein, 
or may be internal to the protein in such a manner as to not significantly alter the 
naturally occurring tertiary or quaternary structure of the protein. The 
immunogen may be administered to the animal orally, intra- nasally, intra- 
vaginally, intra-rectally, or via intraperitoneal, intravenous, or subcutaneous 
injection; administration may comprise a single route or a multiplicity of routes. 
The immunogen suspension may be administered alone, or in combination with 
other adjuvants. Immunization may comprise a single administration or multiple 
administrations. 

In another aspect of the invention, a composition is provided which, 
when administered to an animal, will potentiate an immune response, the 
composition comprising a conjugate between a protein and chitosan. The chitosan 
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component may be soluble or insoluble; the insoluble adjuvant being gelatinous 
or particulate in form, depending on the method by which the antigen is combined 
with the adjuvant. Conjugation may be effected through chemical crosslinking, 
ionic interaction, physical intercalation, or covalent attachment. The ratio of 
S protein to chitosan may range from 1 : 100 to 100: 1 , but is preferable in the range 
of 1:4 to 1:10. The resulting composition is suitable for administration orally, 
intra-nasally, intra- vaginally, intra-rectally, or via intraperitoneal, intravenous, or 
subcutaneous injection. 

In another aspect of the invention, a composition is provided which, 

10 when administered to an animal, will potentiate an immune response, the 
composition comprising a suspension of a protein and chitosan. The ratio of 
protein to chitosan may range from 1 : 100 to 100: 1 , but is preferable in the range 
of 1:4 to 1:10. The resulting composition is suitable for administration orally, 
intranasally, intravaginally, intrarectally, or via intraperitoneal, intravenous, or 

15 subcutaneous injection. 

In another aspect of the invention, a method is provided for 
preparing a compound which potentiates an immune response, wherein an antigen 
is conjugated to a chitosan adjuvant, the resulting conjugate thereafter being 
suitable for administration to an animal. Conjugation may be effected through 

20 chemical crosslinking, ionic interaction, physical intercalation, hydrophobic 
interactions, hydrophilic interactions, or covalent attachment. The ratio of 
protein to chitosan may range from 1:100 to 100:1, but is preferable in the range 
of 1:4 to 1:10. 

In another aspect of the invention, a method is provided for 
25 preparing a compound which potentiates an immune response, wherein an antigen 
is mixed with a chitosan adjuvant to form a suspension which can subsequently 
be administered to an animal. The ratio of protein to chitosan may range from 
1:100 to 100:1, but is preferable in the range of 1:4 to 1:10. 
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DESCRIPTION OF THE nUAwnsr^ g 
Numerous other aspects and advantages of the present invention 
will be apparent upon consideration of the following description thereof, reference 
being made to the drawing wherein: 
5 Figure 1 compares the mean titer of IgM in mouse sera seven days 

after immunization with ovalbumin and various commercially available adjuvants; 
and 

Figure 2 compares the mean titer of IgG in mouse sera seven days 
after immunization with ovalbumin and various commercially available adjuvants. 

10 DETAILED D ESCRIPTION QF THE INVENTION 

The present invention is illustrated by the following examples 
relating to a method of immunopotentiation which utilizes a protein/chitosan 
conjugate or a protein/chitosan suspension, as well as methods to prepare the 
conjugate and/or suspension. In particular, Example 1 relates to the preparation 
15 of chitosan particles with an intercalated antigen. Example 2 addresses 
conjugation of an antigen to chitosan particles. Example 3 describes a general 
immunization protocol. Example 4 relates an enzyme linked immunosorbent 
assay (ELISA) utilized in all measurements to determine serum antibody titer. 
Example 5 describes a comparative analysis of the ability of chitosan to stimulate 

20 an immune response to that of other frequently employed adjuvants. Example 6 
demonstrates the ability of chitosan to stimulate macrophages in vitro. Example 
7 relates to chitosan immunopotentiation as a function of route of administration. 
Example 8 provides a comparison of the ability of chitosan to stimulate an 
immune response to that of commercially available adjuvants. Example 9 

25 describes chitosan immunopotentiation as a function of form of the 
antigen/chitosan association. Example 10 relates preparation of a metal/chitosan 
complex adjuvant. Example 1 1 addresses immunopotentiation with a porcine zona 
pellucida protein combined with various metal/chitosan adjuvants. Example 12 
demonstrates use of a zinc/chitosan adjuvant with another porcine zona pellucida 

30 protein. Example 1 3 describes preparation of an iron/chitosan adjuvant. Example 
14 addresses palmitylation of a metal/chitosan complex. Example 15 describes 
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the immune response with and without palmitylation of the metal/chitosan 
adjuvant. 

Example 1 

Preparation of Chitosan Associated Antigen 
While the following procedure is exemplified in terms of 
formulating a chicken albumin/chitosan immunogen, those of ordinary skill in the 
an wdl readily appreciate that any of a number of other antigens can be 
employed. 

A 2% solution of practical gn.de chitosan (Sign*. St. Louis, MO) 
denved from crab shells, was prepared in 0.5 N sodium aceute a. pH 5 o' 
Approximate., !0 - 14 mg albumin was dissolved in 4 - 5 ml 0.5 M sodium 
^ buffer, pH 5.0, a*. 2 m, of the 2% chitosan solution. This 
antigen/chitosan mixture was added drop by drop to a beaker conuining 25 ml 2- 
butanol, saturated with sodium .cerate, with simutaneous stirring and sonication 
After mixing, 2 ml 1 N NaOH was added one drcp a. a toe to toe mixture and 
sonication continued for 1 - 3 minutes. The resulting emulsion was transfer^ 
.o a 50 ml beaker a«l cooled on ice for 5 minutes with occasional shajdng The 
emulston was separated by cenWfugatfon with a IEC centrifuge a. sating W 
(Intemauotal Equipment Company, Needham Heights, MA) for 3 - 5 mtates 
■he «p butano, Uyer was discarded, and 25 ml sterile phosphate buffered saline 
(PBS) was added to the aqueous Uyer which included the interface p-eciptae 
The resulting emulsion was thoroughly mixed and the chitosan-amigen panicles 
peUeted by centrifugation for 3 - 5 minutes. The supernatant .as decanted 
■he pellet washed two times, each with 25 ml PBS. The wash solution was 
d-med, 25 ml PBS was added and the siting suspension was mixed 
thoroughly. The suspension was continually sonicated as 20 „l 25* 
gluuualdehyde (Sigma, S,. I*uis, MO, was added. After 2 minutes sonication 
15 ml cold, sterile PBS was added and the suspension was cooled on ice for 5 '■ 
10 mrnutes. The chitosan associated antigen particles were pelleted by 
centriftgaion for 5 minutes, the supenuan, decanted, ami me resulting pellet 
washed mree times wi,h 25 ml sterile PBS. The supernatam from the fba, wash 
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was decanted and the pellet resuspended in 2-3 ml sterile PBS, and thoroughly 
mixed. This suspension of chitosan associated antigen was either used for 
immunization or subjected to further modification as described in Example 2. 

Antigen/chitosan particles prepared by this method comprise antigen 
intercalated and crosslinked generally within the porous structure of the chitosan 
particles. 



10 



15 



20 



25 



Example 2 

Conjugation of Peptide Antigen to Chitosan Particles 
While the following procedure is exemplified in terms of 
formulating an chicken ovalbumin/chitosan immunogen, those of ordinary skill in 
the art will readily appreciate that any of a number of other antigens can be 
employed. 

In order to covalently attached antigen to the surface of chitosan 
particles, the chitosan particle/antigen suspension obtained from Example 1 was 
subjected to the following modification. A 1.667 M l aliquot of 5 mg/ml N- 
succinimidyI-3-(2-pyrydyldithio) propionate (SPDP) (Pierce Chemical Company, 
Rockford, IL) in dimethylsulfoxide (DMSO) (Sigma) was added to 1 ml of the 
suspension and allowed to react with the chitosan particles for at least 30 minutes, 
and usually up to one hour, with occasional mixing. The suspension was 
centrifuged and the supernatant decanted. The pellet was washed three times with 
1 ml PBS and after the last wash, the suspension was centrifuged and the PBS 
discarded. An albumin solution (1 ml at a approximately 1 - 2 mg peptide/ml) 
was added to the pellet, the suspension sonicated, and the mixture allowed to react 
overnight with gentle mixing at room temperature. Following overnight 
incubation, the suspension was centrifuged for 5 minutes and the supernatant 
decanted. The pellet was washed three times with 1 ml PBS per wash. 
Following the last wash, the suspension was centrifuged and the supernatant 
discarded. PBS (approximately 1 ml) was added and the suspension sonicated. 
The final suspension was stored at 4'C until use. 



WO 96/09805 



PCTAJS95/121S9 



-14- 



10 



Example 3 
Immunization Protocol 

Unless otherwise stated in the examples, the following 
immunization protocol was employed throughout. 

Mice were immunized generally with variable amounts of antigen 
- a 100 ,1 volume either via intraperitoneal, subcutaneous or intramuscubr 
injection with desired recombinant protein complexed with metal chitosan Prior 
to the initial immunization, animals were bled to obtain control serum After the 
initial immunization, animals were bled at weekly intervals and antigen titer 
determined by ELISA as described in Example 4. All animals were boosted with 
an injection identical to the initial immunogen three to four weeks after the initial 
immunization. 



15 



20 



25 



30 



Example 4 

Enzyme Linked Immunosorbent Assay (ELBA) 
Assessment of the degree to which chitosan, in combination with 
an antigen, is able to enhance an immune response was made utilizing an enzyme 
nnked immunosorbent assay (ELISA) well known in the art. The protocol 
employed was as follows. 

Flat bottom polyvinyl chloride 96 well assay plates (Falcon #3912) 
were coated overnight at 4'C with antigen (50 ,1/weU at 5-10 ^g/m,) * 
carbonate-bicarbonate buffer, pH 9.6. The plates were washed with PBS 
containing 0.5% polyoxyethylene (20) sorbitan monolaurate (Tween 80) 
(Mallinckxodt Specialty Chemical Company, Paris KY) (PBS-T) and postcoated 
with PBS-T containing 2 % non-fat dry milk (PBS-NFDM) for two hours at room 
temperature to inhibit nonspecific binding. Following three washes with PBS-T 
50 „1 of sample or control serum diluted in PBS-T was added to each well the 
plates were covered and incubated for 1 hr at room temperature. The plates were 
emptied, washed three times with PBS-T and 50 M l of a 1:1000 dilution of biotin 
labelled goat anti-mouse IgG (including both heavy and light polypeptide chains) 
(Zymed Laboratories, South San Francisco, CA) or biotin labelled goat 
anti-mouselgM (Southern Biotechnology Associates, Birmingham, AL) in PBS-T 
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was added to each well. After 1 hr at room temperature the plates were washed 
with PBS-T and 50 pi of PBS-T containing horseradish peroxidase conjugated 
avidin biotin complex from a Vectastain ABC kit (Vector Laboratories, Inc., 
Burlingame, CA). The enzyme substrate was 50 M 1 of 400 „g/ml o- 
phenylenediamine (Sigma). Plates were allowed to develop in the dark at room 
temperature for 20 min. The optical density (OD) at 450 nm was read on a 
Dynatec Laboratories MR 700 (Chantilly, VA), using water as a blank. 

Example 5 

Comparative Immunopotentiation with Chitosan Associated Antigen 

In order to determine the relative degree to which chitosan is able 
to effect immunopotentiation, a comparative study was undertaken wherein groups 
of mice were individually immunized with chicken ovalbumin in combination with 
either chitosan (prepared as described in Example 1), phosphate buffered saline 
(PBS), Freund's Complete and Incomplete Adjuvant (CFA and IFA, respectively) 
(Sigma, St. Louis, MO), phospholipid complex (PLC) (Emulsigen; MVP 
Laboratories, Ralston NE), glucosaminylmuramyl dipeptide (GMPD) (C.C. 
Biotech Corp., Poway, CA), aluminum hydroxide gel adjuvant (alum) Seargent 
Pulp and Chemical Co., Clifton, NJ) or gelatin (Knox Gelatine, Englewood 
Cliffs, NJ). Serum titers were determined by ELISA from blood collections as 
20 described in Example 3. 

Mice were immunized by intraperitoneal injection on Day 1 with 
the compositions set out in Table 1. Each group contained 3 mice except Group 
7 which contained only one. In addition, 2 mice from Group 5 died after the first 
injection. In each group, a secondary injection, identical to the primary injection 
unless otherwise noted, was administered on the 21st day after the primary 
injection. Blood was collected from the mice on three occasions: i) 21 days after 
the first injection; ii) 31 days after the first injection; and iii) 43 days after the 
first injection. 



15 



25 



WO 96/09805 



PCT/US95/12189 



-16- 



0 



Table 1 

Immunization Protocol 

1 Chitosan particles with chicken ovalbumin* 

2 Chicken ovalbumin** in PBS 

3 Primary Injection: 

50% CFA with chicken ovalbumin" in PBS 
Secondary Injection: 

50% IFA with chicken ovalbumin** in PBS 

4 5 % PLC with chicken ovalbumin" 

5 GMDP with chicken ovalbumin" 
Composition: 

20 nl 5 mg/ml chicken ovalbumin in PBS 
1 fil 10 mg/ml GMDP 

21 fil mineral oil 

8 pi Pluronic L-121* 
1 ftl Tween 80 

6 20% Alum with chicken ovalbumin" 

7 Chicken ovalbumin** in 3% gelatin 

* m Final ovalbumin concentration 2 mg/ml 
Final ovalbumin concentration 1 mg/ml 
Obtained from BASF, Wyanodette Corp, Parsipany NJ 
(Described in U.S. Patent 4,772,466) 



Dosagg/mnn^ 
40-60 |tl 
80-100 ftl 
80-100 /xl 



80-100 a.1 
50-80 Atl 



80-100 M l 
80-100 /xl 



5 



Antibody production in response to the immunizations described 
were measured by ELISA and the results from the first two bleeds are shown in 
Table 2. 
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Table 2 

Semm Antibody Levels (OD 490 ) 



Secondary 



Primary 



Secondary 



FOLD SERUM DILUTION 




Primary 
Secondary 



Primary 
Secondary 



Primary 
Secondary 



Primary 
Secondary 



Primary 
Secondary 



250 

0.20 
0.25 
0.00 
0.00 
0.10 
0.17 
0.00 
0.06 
0.02 
0.14 
0.00 
0.06 
0.00 
0.07 



1250 

0.13 
0.19 
0.03 
0.00 
0.07 
0.15 
0.00 
0.03 
0.00 
0.08 
0.00 
0.02 
0.00 
0.02 



6250 

0.05 
0.12 
0.00 
0.00 
0.09 
0.12 
0.00 
0.00 
0.00 
0.02 
0.00 
0.01 
0.00 
0.01 



These results indicated that chitosan prepared as described in 
Example 1 enhances the immune response greater than the other mo* commonly 
em P ,oyed adjuvants when administered via intraperitoneal injection. Endpoint 
Utration by ELISA (Table 3), utilizing a different spectrometer, gave .suits 
consistent with the results shown in Table 2. Endpoint measurements in Table 3 
can generally be considered to be values below 0.20. 
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Example 6 

Chitosan Stimulation of Macrophages In Vitro 
In view of the observation that various soluble and insoluble 
derivatives of chitin activate peritoneal macrophages in vivo, [Nishimura, et al. 
5 supra], assays were conducted to determine if particulate chitosan possesses the 
same biological property. 

Peritoneal macrophages were isolated from both untreated BALB/c 
mice and mice treated with known macrophage activators. The macrophage 
activators used were mineral oil, starch, and .polycarbophil (B.F. Goodrich 
10 Company, BreaksviUe, OH) . Macrophages were removed from the mouse 
peritoneal cavities by washing with RPMI, collected in siliconized tubes and 
washed three time with Hank's Buffered Saline Solution (HBSS). Washed cells 
were than allocated into tubes with either chitosan beads containing ovalbumin, 
carboxy fluorescene, or fluoroisothiocyanate (FITC) labeled Staphylococcus 
1 5 aureus prepared as described in Example 1 . Carboxy fluorescene and FITC wells 
did not contain ovalbumin antigen. Macrophage and antigen were allocated into 
a 96 well plate following a one hour incubation in a small siliconized tube. 
Observations were done at different time points using a fluorescent microscope 
under both visible and ultraviolet light. 
20 Ovalbumin/chitosan particles did not fluoresce, indicating that 

chitosan alone does not fluoresce. Within five hours, fluorescent chitosan 
particles could be seen in all macrophage cultures containing carboxy fluorescene 
or FITC-labeled S. aureus, including those that had not been pre-activated. At 
thirty hours, diffuse fluorescent staining of macrophage in culture could be seen. 
25 This observation suggests that the protein/chitosan particles were being 
phagocytized and digested in vitro by peritoneal macrophages regardless of 
whether they were pre-activated. Preliminary data also suggested that the 
phagocytized antigen is then processed. 
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Example 7 

Immunopotentiati n as a Function f Route of Administration 

In order to assess the influence of route of administration of 
antigen/chitosan on stimulated antibody production, immunogens were 
5 administered to mice via either intraperitoneal injection, oral ingestion or rectal 
deposition. 

For all routes of administration, ovalbumin/chitosan particles were 
prepared as described in Example 1. For intraperitoneal injection, mice were 
immunized one time with 100 fig ovalbumin. For oral and rectal administration, 
10 mice were immunized with 100 fig ovalbumin on the same day as the mice that 
received intraperitoneal immunizations, in addition to a second immunization two 
days later with the same ovalbumin dosage. 

The level of stimulated antibody production as a function of these 
various routes of administration, as determined by ELJSA described in Example 
15 3, are set forth in Table 4. 

Table 4 

Induction of Immune Response 
by Different Routes of Administration 



Serum 


Intraperitoneal 


Oral 


Rectal 


Dilution 


Adjuvant 
Only 


Adjuvant 

and 
Antigen 
Mixed 


Antigen 
in 

Chitosan 
beads 


Antigen 
Only 


Antigen 
in 

Chitosan 
beads 


Antigen 
in 

Chitosan 
beads 


1:10 


.035 


.102 


.586 


.053 


.553 


.190 


1:50 


.027 


.032 


.296 


.054 


.112 


.026 


1:250 


.022 


.023 


.137 


.026 


.080 


.036 



25 Background titer determined for antigen alone following 

intraperitoneal injection was consistent between experiments and did not vary 
significantly as a function of route of administration. 
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These results indicated that administration of ovalbumin in chitosan 
beads by either intraperitoneal, oral, or rectal routes of administration effects 
comparable levels of serum antibodies in mice. In addition, simple mixing of 
antigen and chitosan beads, or chitosan beads and antigen administered in the 
separate site (data not shown) did not induce a comparable level of antibody 
production to that induced by antigen encapsulated, or intercalated, in chitosan 
particles. These results were particularly surprising in view of previous reports 
that oral administration of insoluble chitosan is ineffective in potentiating the 
immune response (Marcinkiewicz, et al, supra).. 

Example 8 

Comparison of Chitosan Immunopotentiation 
Against Commercially Available Adjuvants 

The ability of chicken ovalbumin (OVA) to elicit an immune 
response in mice was determined after immunization with antigen/chitosan 
particles prepared as described in Example 1 , or ovalbumin administered together 
with other commercially available adjuvants. Administration was effected via 
both intraperitoneal and subcutaneous injection. Antibody titers, including both 
IgG and IgM, were measured at the number of days following a single 
immunization as indicated in Table 5. The protocol for this study is as follows. 

Six week old BALB/c mice (3 per group) were immunized by the 
intraperitoneal or subcutaneous route with 200 M g of chicken egg albumin (Sigma, 
St. Louis, MO) in each adjuvant tested. Ovalbumin/adjuvant formulations were 
prepared according to manufacturers' suggested protocols. 

Specifically, for each injection 100 M l of Complete Freund's 
Adjuvant (CFA; Sigma) was mixed with 100 ^1 of sterile phosphate buffered 
saline (PBS) containing 200 M g of OVA and sonicated untU a stable emulsion was 
formed. Each mouse received 200 nl of this CFA formulation. 

Ribi Immunochem Research, Inc.'s MPL + TDM+ CWS - Ribi 
Adjuvant System (RAS) (Sigma Immunochemicals) was prepared by mixing 100 
pi of wanned reconstituted adjuvant with 100 M l of sterile PBS containing 200 „g 
of ovalbumin. Each mouse received 200 M l of this formulation. 
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Hunter's TilerMax Adjuvant was also obtained through Sigma 
Immunochemicals. Each dose was prepared by mixing 25 pi of adjuvant with 25 
fil of sterile PBS containing 200 fig of ovalbumin and sonicating until a stable 
emulsion was formed. Each mouse received SO /xl of this formulation. 

5 AdjuPrime Immune Modulator was obtained from Pierce 

(Rockford, IL) and prepared using the manufacturer's suggested dry antigen 
protocol. AdjuPrime powder was mixed with ovalbumin powder at a 1:15 (w/w) 
antigen: AdjuPrime ratio and finely ground between sheets of weighing paper with 
the bottom of a flask until homogeneous. This, mixture was then reconstituted 

10 with sterile PBS to a final ovalbumin concentration of 1 jig/pl. The final 
immunizing dose was therefore 200 /*1 containing 200 fig of ovalbumin. Identical 
booster immunization preparations were stored frozen at -20 "C until required. 

Ovalbumin/chitosan immunogen was prepared as described in 
Example 1 . Antibody titer was determined by ELISA as described in Example 

15 3. 

Figure 1 shows the geometric mean titer of IgM anti-ovalbumin 
antibody production by each group of mice at 7 days post immunization (dpi). 
In Figure 1, the individual groups were immunized with ovalbumin and the 
adjuvant as follows: Group 1, intraperitoneal injection with AdjuPrime Immune 

20 Modulator; Group 2, intraperitoneal injection with PBS; Group 3, intraperitoneal 
injection with chitosan; Group 4, intraperitoneal injection with Ribi Adjuvant 
System; Group 5, intraperitoneal injection with TiterMax; Group 6, 
intraperitoneal injection with Complete Freund's Adjuvant; Group 7 subcutaneous 
injection with Complete Freund's Adjuvant; Group 8, subcutaneous injection with 

25 PBS; Group 9, subcutaneous injection with chitosan; Group 10, subcutaneous 
injection with Ribi Adjuvant System; Group 11, subcutaneous injection with 
TiterMax. These data indicate that chitosan associated antigen poorly stimulates 
early (day 7) IgM antibody production. It should be noted that many of the other 
adjuvant preparations resulted in higher levels of IgM antibody production. In 

30 contrast, as evidenced by the geometric mean titer of IgG anti-ovalbumin antibody 
data shown in Figure 2, chitosan associated antigen stimulates more rapid and 
higher levels of IgG antibody production by mice. Data in Figure 2 were derived 



WO 96/09805 



PCT/US95/12189 



-23- 

from groups immunized as described for Figure 1, supra. This result indicates 
that antigen associated with chitosan more quickly stimulates immunoglobulin 
class switching to B cells which do not produce IgM. Because memory B cells 
produce IgG, rapid and elevated levels of IgG production suggests that chitosan 
association may result in enhanced immunologic memory. 

The total antibody titers on days 21, 28, and 35 following a single 
intraperitoneal injection of 200 M g ovalbumin in each adjuvant are presented in 
Table 5. Values represent geometric mean titer from treatment groups containing 
three mice. Note that many immunization protocols call for booster immunization 
at 21 days post immunization (dpi) and that the antibody response induced by 
chitosan associated ovalbumin at 21 dpi was superior to all other adjuvant 
formulations regardless of the route of administration. Similar results were 
obtained following a single subcutaneous injection. The results are set out in 
Table 6, wherein values are geometric means titers from groups of three 
15 individual mice. 
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Table 5 



Comparative Immunopotentiation - Intraperitoneal Injection 



20 



ADJUVANT 


21 dpi 


28 dpi 


35 dpi 


PBS 


27 


320 


100 


Chitosan 


2240 


10240 


20480 , 


Ribi 


747 


933 


173 


Titer Max 


853 


9387 


14520 


AdjuPrime 


853 


1920 


4270 


CFA 


747 


14507 


20480+ 
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Table 6 

Comparative Immunopotentiation - Subcutaneous Injection 



ADJUVANT 


21 dpi 


28 dpi 


35 dpi 


PBS 


640 


27 


97 


Chitosan 


9387 


5973 


12800 


Ribi 


533 


80 


187 


Titer Max 


80 


6987 


7254 


CFA 


640 


20480 


20480+ 



Example 9 

Immunopotentiation as a Function 
of the Nature of Chitosan/ Antigen Association 

In order to determine the effect of the form of the protein/chitosan 
association has on immunopotentiation, a study was performed wherein pro- 
tein/chitosan adjuvant prepared by various methods was administered to mice. In 
one case, the immunogen was prepared as described in Example 1 (Group 1). In 
another case, chitosan particles were prepared as described in Example 1, except 
that no antigen was utilized in the preparation (Group 2). In still another case, 
antigen was prepared as described in Example 1, except that no chitosan was 
utilized in the preparation. In this last case, chitosan particles were added to 
albumin antigen prepared as described in Example 1 (Group 3). The 
immunization protocol was as follows. 

Nine BALB/c mice were divided into three groups of three mice 
(n=3). Each group received intraperitoneal injections of 100 fig of antigen. The 
first group received antigen comprising 100 fig ovalbumin together with 200 fig 
chitosan particles prepared as described in Example 1. The second group 
received only 100 ng ovalbumin particles prepared using the same method. The 
third group received a simple mixture of 100 M g ovalbumin particles and 200 fig 
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chitosan particles. The geometric mean anti-ovalbumin antibody titers of these 
groups of mice at 21 dpi as determined by ELBA are presented in Table 7. 

Table 7 

Immunopotentiation as a Function of Antigen/Chitosan Association 



GROUP 


TREATMENT 


21 dpi 


1 


Ovalbumin coupled to chitosan 


747 


2 


Ovalbumin particles alone 


40 


3 


Ovalbumin and chitosan mixed 


33 



The results of this experiment are informative because they 
establish that the observed adjuvant activity is not due simply to physio-chemical 
alterations in the ovalbumin resulting from its particulation during the chitosan 
coupling procedure. These findings also indicate that the adjuvant activity of 
ovalbumin/chitosan preparations results from their conjugation and that coupling 
is required for maximal activity. 

These results, therefore, are distinct from those described by 
Marcinkiewicz, et al. , [supra] and Suzuki et al. [supra] as neither of these groups 
reported a need or advantage to conjugation of the antigen to chitosan. These 
groups applied chitosan as a nonspecific immunostimulator of macrophages, by 
either pretreating with a series of chitosan injections or administering it at the 
same time as antigen. Results set out in Example 5 are consistent with these 
previously reported observations, indicating activation of peritoneal macrophages 
and the phagocytosis of chitosan associated fluorescent antigen (data not shown). 
More importantly, however, the results in Table 7 show that covalent association 
of particulate or gelatinoous chitosan and antigen are required for the maximal 
induction of antibody production by our mice. 
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Additional distinctions exist between these results and the work of 
Marcinkiewicz, et al. [supra] and Suzuki et al. , [supra]. Both groups used Jeme 
hemolytic plaque assays to quantitate the IgM antibody producing plaque forming 
cells (PFC) in the spleen. Herein, however, total antibody levels in the serum 
5 were measured, in addition to concentration of both IgG and IgM isotype 
antibodies. Marcinkiewicz, et al., and Suzuki, et al., also describe the PFC 
response to Sheep Red Blood Cells (SRBC), a particulate antigen, whereas the 
present invention has been exemplified utilizing chicken ovalbumin, a soluble 
antigen, in association with insoluble chitosan particles. Marcinkiewicz, et al. 
10 and Suzuki, et al. , reported the efficacy of only intraperitoneal route of injection; 
herein successful immunopotentiation was obtained using both intraperitoneal and 
subcutaneous routes of injection. 

As previously stated, the results shown above in Table 7 are serum 
titers determined for an antigen covalently associated with a particulate or 
15 gelatinous form of chitosan. In another experiment using soluble chitosan, 
opposite results were obtained. Briefly, a 1 % chitosan solution in acetic acid was 
prepared as described and mixed with heat denatured total porcine zona pellucida 
protein. The pH of the mixture was raised to 6.8 using NaOH and approximately 
200 p% antigen was injected subcutaneously into mice. Results indicated that 
20 serum titer for zona proteins was higher when the antigen was not crosslinked to 
the soluble chitosan than when the antigen/chitosan was crosslinked using 
glutaraldehyde. In addition, the immune response was much more rapid in the 
absence of crosslinking. 



Example 10 

25 Preparation of Metal/Chitosan Complexes 

Containing Either Zinc, Copper, or Nickel 

Previous observations during the purification of poly-HIS-tagged 

zona pellucida (ZP) proteins using nickel (Ni)-Sepharose chromatography 

suggested that sperm readily bound to the Ni-immobilized ZP proteins as 

30 compared to the binding detected with ZP proteins immobilized on other affinity 

columns. This observation is of particular interest because ZP proteins play a 
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role in sperm binding to oocytes. This observation suggested that the poly-HIS- 
tagged ZP proteins may be capable of maintaining a more natural conformation 
when immobilized by this method. This observation, when combined with a 
previous observation that chitin possesses the ability to chelate transition metal 
5 ions, led to an investigation of the possible use of a metal/chitosan chelate for 
binding a poly-HIS-tagged antigen and its use as an immunopotentiator. Given 
that transition metal ions are toxic in general, several different ions were initially 
tested to produce the metal/chitosan complexes. 

To prepare chitosan/metal complex adjuvants containing either zinc, 
10 copper or nickel, a 2 % chitosan solution was initially prepared by dissolving 2 g 
chitosan (CTC Organics, Atlanta, GA) in 100 ml 2% acetic acid, the resulting 
solution sterilized by autoclaving. As an alternative, the chitosan solution can 
also be prepared by dissolving 2 g in 100 ml 0.5 M sodium acetate pH 4.5. A 
zinc acetate, nickel sulfate or copper sulfate solution was prepared in deionized 
15 water at a molarity between 0.001 to 0.2 M and filter sterilized. The 2 % chitosan 
solution was diluted 1:1 using deionized water and 4 ml of the resulting 1% 
chitosan solution was added to 10 ml of the desired metal salt solution. The 
resulting suspension was mixed on an end to end shaker for 2 to 4 hours at room 
temperature. The mixture was sonicated using a Branson Sonifier 250 for 3 to 
20 5 minutes and the pH of the mixture adjusted to 12.0 - 12.5 with 10 N NaOH 
during sonication. When the zinc salt was employed, a white complex precipitate 
was formed, when the nickel salt was used, the complex was light green and 
when the copper salt was used, the complex was blue. After sonication, the 
mixture was centrifuged at 2000 rpm (1000 x g) for 10 minutes and supernatant 
25 discarded. The pellet was washed twice with PBS, pH 7.2, centrifuged after each 
wash, the wet weight of the pellet determined, and the metal/chitosan complex 
pellet resuspended in 8 M urea, pH 7.8 to 8.0. The metal/chitosan complexes 
were either immediately coupled to an antigen, or stored in either 8 M urea or 
PBS at room temperature. The stored metal/chitosan complexes have shown to 
30 be stable for up to six months when stored by this method. 

Antigens were associated with the metal/chitosan complex by one 
of two alternative methods. In the first method, proteins were crosslinked to the 
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metal/chitosan complex using glutaraldehyde as previously described in Example 
13 and the following example. In another method, (described in this example), 
recombinant proteins contained a C-terminal poly-histidine region to facilitate 
purification and to permit association of the protein with the metal component of 
the metal/chitosan complex. This procedure is described as follows. 

Recombinant proteins modified to include six histidines (poly-HIS) 
were expressed in either bacteria, yeast, insect, or CHO cells and purified using 
Ni-Sepharose or cobalt (Co)-Sepharose chromatography both of which are well 
known in the art. Recombinant protein was equilibrated in 8 M urea and 
incubated with the chitosan metal complex in a plastic tube for 1 to 3 hours at 
room temperature. Following incubation, protein/metal/chitosan complex was 
pelleted by centrifugation for 10 minutes at 1000 x g and the amount of complex 
bound protein estimated by determining protein concentration in the supernatant 
following centrifugation and subtracting the amount initially added to the binding 
15 reaction. In general, the resulting ratio of mg antigen:mg wet weight 
metal/chitosan averaged 10:1. The pellet was washed two times with PBS, 
resuspended in PBS and the concentration adjusted to 1 mg antigen/ml buffer. 

Specific use and results from the use of an antigen/zinc/chitosan as 
an immunogen are described below in Examples 11 and 12. 
20 Example 11 

Immune response To Recombinant Pig Zona PeUucida Protein B (Pig-b) 
Complexed With Chitosan Complexed With Either of Nickel, 

Copper or Zinc 

Recombinant porcine zona pellucida protein pig-b, expressed in 
25 bacteria, was complexed to either nickel/chitosan, copper/chitosan, or 
zinc/chitosan as described above in Example 10. Individual groups of mice were 
immunized intraperitoneally with either 5, 25, 100 or 250 ?g protein/mouse in 
case of nickel/chitosan and zinc/chitosan, or either 5 or 25 /xg protein/mouse in 
case of copper/chitosan. Each group received a booster immunization on day 21 
30 after the initial immunization with the same amount of antigen and metal/chitosan. 
Mice were bled on day 8, 21, 28 and 49 after the first immunization and serum 
titer determined by EUSA as described above in Example 4. Serum titers 
determined against bacterially expressed zona pellucida pig b and heat solubilized 
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total native pig zona are shown in Tables 8 and 9, respectively. These results 
suggest little difference between the chelate adjuvants in teims of 
immunopotentiation. 

Table 8 



Serum Titer Determined By ELISA Using Recombinant Pig-C 



Dose/mice (jig)- 


5 


25 


100 


250 


Pig-B Nickel-chitosan 


Day 










8 


200 


100 


800 


3.2K 


21 


4k 


16k 


32k 


8k 


28 


32k 


64k 


>64k 


>64k 


49 


16k 


64k 


>64k 


>64k 


Pig-B Zinc-chitosan 


Day 










8 


200 


100 


800 


3.2K 


21 


16k 


32k 


64k 


>64k 


28 


>64k 


>64k 


>64k 


>64k 


49 


32k 


>64k 


>64k 


>64k 


Pig-B Copper-chitosan 


Day 










8 


400 


200 


ND* 


ND* 


21 


2k 


2k 


ND* 


ND* 


28 

rem — j_ i 1 


32k 


32K 


ND* 


ND* 



*ND- dose not done 
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Table 9 

Serum Titer Determined By ELISA Using Heat-Denatured Total Zona Pellucida 
Protein 



10 



15 



Dose/mice (jig)- 


5 


25 


100 


250 


Pig-B Nickel-chitosan 


Day 










8 


200 


200 


800 


400 


21 


500 


lk 


4k 


4k 


28 


4k 


8k 


16k 


16k 


Pig-B Zinc-chitosan 


Day 










8 


200 


200 


200 


3.2 


21 


500 


2k 


32k 


8k 


28 


8k 


16k 


>64k 


>64k 


Pig-B Copper-chitosan 


Day 










8 


800 


1.6k 


ND* 


ND* 


21 


500 


lk 


ND* 


ND* 


28 

•ND- dose not done 


lk 


4k 


ND* 


ND* 



3 



Example 12 

Immunization With BacteriaUy Expressed 
Zona PeUucida Pig-C Protein Complexed with Zinc/Chitosan 

Balb/c mice were immunized with bacterially expressed 
25 recombinant pig zona peUucida C protein (pig-c) and complexed to zinc/chitosan 
by the following protocol. 

The pig-c antigen was initially expressed in and purified from 
E.coli and subsequently complexed with zinc-chitosan prepared as described above 
in Example 10. Mice were immunized intraperitoneally with 100 pg 
30 antigen/mouse (Group I). In one control group (Group II), mice were immunized 
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at 100 jig/mouse with purified protein alone, and in another control group (Group 
HI), mice were immunized with pig-c protein associated with precipitated zinc 
acetate following the same protocol in Example 10 for making zinc/chitosan 
except that 1 % chitosan was not added to the solution. The mice were boosted 
on day 21 with pig-c antigen at 100 /tg/mouse complexed with zinc/chitosan by 
the same preparation used for the initial immunization. Mice were bled on day 
21 , 28 and 49 by retro-orbital puncture and serum titers were measured by ELISA 
as described in Example 4. Results are shown in Table 10. 

On day 21, serum titer in Group I averaged 64k as compared to 
titers of less than 250 for Group n and lk for Group m. After a booster 
immunization on day 21 following the initial immunization, serum titers 
determined from bleeds taken on day 28 were found to be more than 64k for 
Group I, and 4k for both Groups n and m. These data indicate that neither the 
antigen alone, nor the metal/antigen components of the adjuvant are responsible 
for the observed immune response, but that the immune response requires the 
appropriate antigen/metal/chitosan complex for rapid stimulation of an immune 
response that persists over time. 



Table 10 

Comparison of Immune Response Using Antigen/Metal/Chitosan, Antigen or 
Antigen/Metal 



Days After 
Immunization 


Antigen 


Recombinant Pig-C 
on Zinc/Chitosan 
(Group I) 


Recombinant Pig-C 
(Group II) 


Recombinant Pig-C 
Precipitated on Zinc 
(Group m) 


21 


32k 


<250k 


lk 


28 


>64k 


8k 


4k 


49 


>64k 


4k 


4k 
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Example 13 

Preparation of Chhosan-Metal Complexes Containing Iron 

For preparation of an iron/chitosan complex immunogen, 4 g ferric 
ammonium citrate was dissolved in 10 ml distilled water with 100 pi 11 6 N HC1 
Four ml of the 1 % chitosan solution prepared as described above was sonicated 
and 200 M l of the ferric ammonium citrate solution was added during sonication 
Hie resulting solution was centrifuged and the pellet containing iron/chitosan 
complex was washed once in deionized water. Recombinant proteins modified to 
mclude six histidine residues were coupled the iron/chitosan complex as above 
except 8 M urea was not added. Alternatively, with proteins such as egg 
ovalbumin or bacterial/viral proteins which did not include the poly-histidine 
sequence, the antigen was coupled to the iron/chitosan complex by one of the 
methods described as follows. 

In a first method, iron/chitosan complex was prepared as described 
above. A protein solution in PBS pH 7.4 was added and the resulting suspension 
vortexed to obtain a uniform mixture. A 25 % glutaraldehyde solution was diluted 
1 :4 with PBS and added to the antigen/chitosan mixture at a volume of 20 „! per 
ml of the antigen/chitosan mixture. The resulting suspension was mixed on an end 
to end shaker for at least 4 hours. After mixing, 100 ,1 1 M glycine in PBS was 
added to neutralize unreacted glutaraldehyde and incubation continued for 1 hour 
at room temperature. The mixture was centrifuged for 10 minutes at 1000 x g 
and the resulting pellet washed two times with PBS. After the final wash the 
pellet was resuspended at a antigen concentration of 1 mg/ml in PBS and 
immediately used to immunize animals. 

In an alternative to the preceding protocol, 1 % chitosan, prepared 
as descnbed above and not complexed with iron, was added to a desired protein 
and the resulting mixture shaken gently to prepare a uniform mixture As 
descnbed above, a 25% glutaraldehyde solution was diluted 1:4 with PBS and 
added to the antigen/chitosan mixture at a volume of 20 ,1 per ml antigen/chitosan 
mixture. The resulting solution was incubated at room temperature for 
approximately 2 to 6 hours to permit limited glutaraldehyde-induced crosslinking 
after which time the mixture became a gel. The loosely crosslinked material was 
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generally clear, flowable and did not appear to be particulate when viewed under 
a microscope. The resulting material was sonicated for 2-3 minutes during which 
time 400 ftl of 4 g/ml ferric ammonium citrate solution was added which induced 
formation of fine yellowish-brown particles in which the antigen was entrapped. 
5 The antigen/iron/chitosan particles were pelleted by centrifugation for 10 minutes 
at 1000 x g and the resulting pellet resuspended at an antigen concentration of 
about 1 mg/ml. This solution was used to immunize mice by the protocol 
described in Example 3. 

Example 14 

10 Preparation of Palmitylated Iron Chitosan 

In view of previous reports regarding immune stimulating complex 
(ISCOM) which have been demonstrated to induce a higher titer when the 
complex is palmitylated, the following procedure was carried out to modify the 
antigen/metal/chitosan complex prior to immunization. 

1 5 Protein antigen was incorporated into iron chitosan particles by any 

of the method described above and palmitic groups were added by the following 
procedure. Twenty mg palmitic anhydride was dissolved in 1 ml of triethylamine 
and the solution added to a protein/metal/chitosan complex solution at a ratio of 
10 nl palmitic anhydride for every 1 mg of antigen in the iron/chitosan complex 

20 solution. The resulting solution was mixed by gentle tapping and allowed to sit 
at room temperature for at least two hours before the preparation was diluted and 
used for immunizations. 

Example 15 

Immunization With Pig-C Incorporated In Iron/chitosan Particles 
25 With And Without Palmitylation 

Purified zona pellucida pig-C protein expressed in E.coli was 

incorporated onto iron/chitosan particles as follows. Ten ml 1% chitosan 

solution in 2% acetic acid was sonicated 2-3 minutes with continuous addition of 

400 fil 0.4 g/ml ferric ammonium citrate solution during sonication. Resulting 

30 iron/chitosan particles were pelleted by centrifugation and the pellet washed two 
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times with deionized water. A solution containing pig- c protein expressed in 
E.coU was adjusted to a pH 7.8 with PBS and incubated with iron/chitosan 
particles, incubation was allowed to continue overnight with mixing on an end to 
end shaker. After incubation, the antigen/metal/chitosan particles were pelleted 
by centrifugation at 1000 x g for 10 minutes and protein concentration in 
supernatant measured by the Bradford method known in the art. The final ration 
of antigen to metal/chitosan was determined to be 3.7 mg pig-c protein bound per 
gram wet weight iron-chitosan. Prior to use as immunogen, the pig-c iron was 
adjusted to a concentration of 1 mg antigen/ml. 

In order to produce a palmitylated pig-c/iron/chitosan immunogen, 
particles produced as described above were initially incubated in 8 M urea. A 
solution of 20 mg palmitic anhydride was prepared in 1 ml triethylamine, and 10 
Ml of the solution was added to 1 mg equivalent (protein) pig-c/iron/chitosan. The 
mixture was shaken gently and allowed to incubate at room temperature for at 
15 least 2 hours before use as an immunogen. 

Balb/c mice were immunized intraperitoneally with either pig-c 
mcorporatedmi™/^^ 

Individual groups of mice were initially immunized with 100 M g protein and each 
group was booted on day 22 following the initial immunization with identical 
dosages and preparations. Mice were bled on day 7, 14, 22, 42, 56 and 63 after 
the initial immunization and serum antibody titers estimated by ELISA against 
recombinant pig-c protein. A comparison of the serum titers against pig-c in the 
both groups are summarized in the Table 3. 

Serum titers were comparable in the primary response, but after the 
booster immunization, serum titer in the group of mice injected with palmitylated 
antigen was significantly higher (> 128k) that determined for the non- 
palmitylated group (64k). 



20 



WO 96/09805 



PCT/US95/12189 



-35- 
Table 11 



Effect of Palmitylation on Metal/Chitosan Immunopotentiation 



5 



10 



Days After 
Imm u n iza t i nn 

AllilllUlilMlllUll 


Preparation 


Pig-C/ 
Iron/Chitosan 


Palmitylated Pig-C/ 
Iron/Chitosan 


7 


400 


400 


14 


3.2k 


3.2k 


22 


3.2k 


3.2k 


42 


64k 


128k 


56 


128k 


>128k 


63 


64 


>128k 


76 


64k 


>128k 



Although the present invention has been described in types of 
preferred embodiments, it is intended that the present invention encompass all 
modifications and variations which occur to those skilled in the art upon 
consideration of the disclosure herein, and in particular those embodiments which 
are within the broadest proper interpretation of the claims and their requirements. 
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WHAT IS CLAIMED IS: 

1. A method for potentiating an immune response in an animal, 
said immune response characterized by rapid immunoglobulin class switching 
from production of IgM to IgG, said method comprising the steps of: 

a) conjugating an antigen to chitosan to produce an 
antigen/chitosan conjugate; and 

b) administering the antigen/chitosan conjugate to an animal by 
a route of administration that permits the animal to mount an immune response 
to the antigen. 



2. The method of claim 1 wherein the chitosan is an insoluble 

particulate. 



3. The method of claim 1 wherein administration of the 
antigen/chitosan conjugate is oral. 

4. The method of claim 1 wherein administration of the 
antigen/chitosan conjugate is intra-rectal. 

5. The method of claim 1 wherein administration of the 
antigen/chitosan conjugate is intraperitoneal injection. 

6. The method of claim 1 wherein administration of the 
antigen/chitosan conjugate is subcutaneous injection. 

7. The method of claim 1 where the weight.weight ratio of 
antigen to chitosan is in the range of 1:100 to 100:1. 

8. The method of claim 1 where the weight. weight ratio of 
antigen to chitosan is in the range of 1:4 to 1:10. 
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9. A method for potentiating an immune response in an animal, 
said immune response characterized by rapid immunoglobulin class switching 
from production of IgM to IgG, said method comprising the steps of: 

a) mixing an antigen with chitosan; and 

b) administering the antigen/chitosan mixture to an animal by 
a route of administration that permits the animal to mount an immune response 
to the antigen. 

10. The method of claim 9 wherein the chitosan is an insoluble 

particulate. 

11. The method of claim 9 wherein administration of the 
antigen/chitosan suspension is oral. 

12. The method of claim 9 wherein administration of the 
antigen/chitosan suspension is intra rectal. 

13. The method of claim 9 wherein administration of the 
antigen/chitosan suspension is intraperitoneal injection. 

14. The method of claim 9 wherein administration of the 
antigen/chitosan suspension is subcutaneous injection. 

15. The method of claim 9 where the weight: weight ratio of 
antigen to chitosan is in the range of 1:100 to 100:1. 

16. The method of claim 9 where the weight:weight ratio of 
antigen to chitosan is in the range of 1:4 to 1:10. 
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17. A composition for potentiating an immune response in an 
animal, said immune response characterized by rapid immunoglobulin class 
switching from production of IgM to IgG, said method comprising an antigen 
conjugated to chitosan. 

18. The composition of claim 17 wherein the chitosan is an 
insoluble particulate. 

19. The composition of claim 1 7 where the weight:weight ratio 
of antigen to chitosan is in the range of 1 : 100 to 100: 1 

20. The composition of claim 17 where the weightrweight ratio 
of antigen to chitosan is in the range of 1:4 to 1:10. 

21. A composition for potentiating an immune response in an 
animal, said immune response characterized by rapid immunoglobulin class 
switching from production of IgM to IgG, said method comprising an 
antigen/chitosan suspension. 

22. The composition of claim 21 wherein the chitosan is an 
insoluble particulate. 

23 . The composition of claim 2 1 where the weight: weight ratio 
of antigen to chitosan is in the range of 1:100 to 100:1. 

24. The composition of claim 2 1 where the weight: weight ratio 
of antigen to chitosan is in the range of 1:4 to 1:10. 

25. An adjuvant comprising in combination chitosan and a 
chelated metal ion. 
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26. The adjuvant of claim 25 wherein the metal ion is 
transition metal. 



27. The adjuvant of claim 26 wherein the transition metal is 
selected from a group consisting of copper, zinc and nickel. 



28. The adjuvant of claim 25 wherein the metal 



ion is iron. 



29. An immunogen comprising an antigen in combination with 
the adjuvant of any of claims 25 through 28. 

30. The immunogen of claim 29 wherein the antigen is a 

protein. 

31. The immunogen of claim 29 wherein the antigen is 
covalently crosslinked to the adjuvant. 

32. The immunogen of claim 3 1 wherein crosslinking is effected 
using glutaraldehyde. 

33. The immunogen of claim 32 wherein the crosslinked 
immunogen is particulate. 

34. The immunogen of claim 32 wherein the crosslinked 
immunogen is gelatinous. 

35. The immunogen of claim 29 wherein the protein comprises 
a recombinant protein. 

36. The immunogen of claim 35 wherein the recombinant 
protein further comprises a poly-histidine amino acid sequence. 
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37. The immunogen of claim 36 wherein the poly-histidine 
amino acid sequence is linked to the carboxyl terminus of the protein. 

38. The immunogen of claim 36 wherein the poly-histidine 
amino acid sequence is linked to the amino terminus of the protein. 

39. The immunogen of claim 36 wherein the protein is attached 
to the adjuvant through interaction of the poly-histidine amino acid sequence and 
the metal ion. 



of: 



40. A method for producing an adjuvant comprising the steps 

a) preparing a chitosan solution; 

b) chelating a metal ion to the chitosan to form a 
metal/chitosan complex; and 

c) isolating the metal/chitosan complex. 

41 . The method of claim 40 wherein the metal ion is a transition 



metal. 



42. The method of clam 41 wherein the transition metal is 
selected from the group consisting of copper, nickel and zinc. 



43. The method of claim 40 wherein the metal ion is iron. 

44. A method for producing an immunogen comprising the steps 

of: 

a) preparing a chitosan solution; 

b) chelating a metal ion to the chitosan to produce a 
metal/chitosan complex; and 

c) combining an antigen with the metal/chitosan complex. 
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45 . The method of claim 44 wherein the metal ion is a transition 

metal. 

46. The method of claim 45 wherein the transition metal is 
selected from the group consisting of copper, nickel, and zinc. 

47. The method of claim 44 wherein the metal ion is iron. 

48. The method of claim 44 wherein the antigen is a protein. 

49. The method of claim 44 wherein the antigen is covalently 
crosslinked to the metal/chitosan complex. 

50. The method of claim 49 wherein the crosslinking is effected 
with glutaraldehyde. 

51. The method of claim 50 wherein the crosslinked 
metal/chitosan complex is particulate. 

52. The method of claim 50 wherein the crosslinked 
metal/chitosan complex is gelatinous. 

53. The method of claim 49 wherein the protein comprises a 
recombinant protein. 

54. The method of claim 53 wherein the recombinant protein 
contains a poly-histidine amino acid sequence. 

55. The method of claim 54 wherein the poly-histidine amino 
acid sequence linked to the carboxyl terminus of the protein. 
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56. The method of claim 54 wherein the poly-histidine amino 
acid sequence is linked to the amino terminus of the protein. 

57. The method of claim 54 wherein the protein is associated 
to the metal/chitosan complex through interaction of the metal ion and the poly- 
histidine amino acid sequence of the protein. 



58. A method for producing an immunogen comprising the steps 

of: 

a) preparing a chitosan solution; 

b) combining an antigen with the chitosan to form an 
antigen/chitosan complex; and 

c) chelating a metal ion to the antigen/chitosan complex. 

59. The method of claim 58 wherein the metal ion is a transition 

metal. 



60. The method of claim 59 wherein the transition metal is 
selected from the group consisting of copper, nickel, and zinc. 

61. The method of claim 58 wherein the metal ion is iron. 

62. The method of claim 58 wherein the antigen is a protein. 

63. The method of claim 58 wherein the antigen is covalently 
crosslinked to the chitosan. 



64. The method of claim 63 wherein the crosslinking is effected 
with glutaraldehyde. 



65. The method of claim 64 wherein the crosslinked 
antigen/chitosan complex is particulate. 
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66. The method of claim 64 wherein the antigen/chitosan 
complex is gelatinous. 



67. The method of any of claims 63 through 66 wherein the 
protein comprises a recombinant protein. 

68. A method for stimulating an immune response comprising 
administering to an animal an immunogen accoiding to any of claims 29 through 
39. 
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